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Abstract  
With a view to understanding J/Ψ suppression in relativistic heavy ion collisions, we compute the 
suppression rate within the framework of hydrodynamical evolution model. For this, we consider  an 
ellipsoidal  flow and use an ansatz for temperature profile function which accounts for time and the 
three dimensional space evolution of the quark-gluon plasma. We have calculated the survival 
probability separately as the function of transverse and longitudinal momentum. We have shown that 
previous calculations are special cases of this model. 
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1. Introduction 
Relativistic heavy ion collisions vis-à-vis formation of  quark-gluon plasma (QGP) and its implications 
have been very excited field of research [1,2] and is going to remain very active for a long  time[2]. For a 
detailed study, text books and review articles on the subject, we refer references given in [2]. In fact, the 
J/Ψ suppression has been theoretically argued [3] as an important signal for the formation of QGP in the 
collision experiments.  As the science of small is deeply connected with the science of large, the study of  
J/Ψ suppression in the  evolution of QGP in such experiments   has many implications in astroparticle 
physics and cosmological evolution as well. 
In the present work, we consider ellipsoidal evolution and use exponential type temperature profile 
function. In the next section, we briefly outline various theoretical works on the understanding of J/Ψ 
suppression. In section 3, we compute the suppression rate within the framework of the present model. 
Results are discussed and summarized in section 4. 
2. Various theoretical approaches 
The formation and evolution of QGP in the relativistic heavy ion collisions is well described within the 
framework of Bjorken hydrodynamical evolution model [4] in terms of thermodynamical variables, 
namely temperature (T), entropy density (s), energy density (ε), etc. The probability of disintegration is 
related to survival probability (S) which is given [5] by 
                                                  P ൌ  1 െ S ൌ  1 െ  exp ሺെTሻ                                                                              (1) 
                                           
 
In all the works on the J/Ψ suppression, survival probability has been calculated by parameterizing the 
thermodynamical quantities, namely the entropy density s [6], energy density ε  [7], and  temperature 
function T [8,9] respectively as 
ݏሺݐ଴, ݎሻ ൌ ݏ଴ ሺ1 െ ݎଶ ܴଶ⁄ ሻ௔ᇲ  ; ሺݎሻ ൌ ߝ଴ሺ1 െ ݎଶ ܴଶ⁄ ሻଶ ଷ⁄  ; ܶሺݎሻ ൌ ܶሺ0ሻሺ1 െ ݎଶ ܴଷ⁄ ሻ௕ ଷ⁄  ;  and ܶሺݎ, ݐሻ ൌ
଴ܶ݁ݔ݌ሺെܾݎ ܴ⁄ ሻ݁ݔ݌ሺെߟݖሻݐିଵ ଷ⁄   
                                                                                                                                                                                       (2) 
where R is the projectile radius, a ’ is a free parameter[6], b is a parameter fixed as 1/3 [8], and  is a 
parameter which is a measure of steepness of the fall of temperature along z-direction [9].  In all the 
works except [9], the dependence of S on transverse momentum pT has been calculated in the non 
transparent manner while in [9] a cylindrical interaction volume is considered and J/Ψ suppression has 
been studied. However, in the present work, we make an attempt to consider an ellipsoidal interaction 
volume and compute the survival probability of J/Ψ suppression which is described in the next section. 
3. Present model 
In this section, we consider ellipsoidal evolution in both time and three dimensional space within the 
framework of hydrodynamical model for QGP. We use the concept of temperature density noramlized 
to unity over the plasma volume [10, 9] and compute the survival probability S as a function of pL and pT 
respectively.  
For ellipsoidal symmetry, the four dimensional temperature profile function, in general, can be written 
as 
                                                                        ܶሺݐ, ݎԦᇱሻ ൌ ଴݂ܶሺݐ, ݖሻ ܶሺݎԦሻ                                                                  (3) 
where  ݂ሺݐ, ݖ) is a function of time and z axis along the collision direction; ݎԦᇱ is a function of x,y and z; 
and   ݎԦ is a function of x and y in the transverse plane in the ellipsoidal interaction volume under 
consideration.  Here we have considered various functions as 
  ݂ሺݐ, ݖሻ ൌ tିଵ ଷ⁄  eି஗୸ ; ܶሺݎԦሻ ൌ  ݁ିఈభ ௫ ݁ିఈమ ௬; ܽ݊݀  ܶሺݎԦሻ݂ሺݐ, ݖሻ ൌ  ܶሺݎԦᇱሻ                                                     (4) 
where ߟ, ߙଵ and ߙଶ are measure of steepness of the fall of temperature along z, x and y directions.  
Here, ߙଵ ൌ  ܾଵ ܴଵ⁄ , ߙଶ ൌ  ܾଶ ܴଶ⁄  with ܴଵ and ܴଶ are radius of colliding nuclei and b1 and b2 are 
parameters. The time dependence of the temperature profile function given in eq. (3) is in accordance 
with the scaling law [11]. We normalize the temperature profile function to unity over the ellipsoidal 
plasma volume as 
                                                            ׬ ܶሺݐ, ݎԦᇱሻ ݀߬ᇱ ൌ 1                                                                                            (5) 
where ݀߬ᇱ is an ellipsoidal evolution volume element. Eqs. (3) and (4) lead to 
                                      ଴ܶ ׬ ݐିଵ ଷ⁄  ݀ݐ ׬ ݁ିఎ௭  ݀ݖ ׬ ݁ିఈభ௫  ݀ݔ ׬ ݁ିఈమ ௬  ݀ݕ ൌ 1                                              (6) 
Solving integrals in eq. (6), we obtain the normalization constant as 
 ଴ܶ ൌ ሺ ߟ ߙଵߙଶ 12ሻ⁄ ቂ ቀݐ௙ଶ ଷ⁄ െ  ݐ௜ଶ ଷ⁄ ቁ sinh  ሺߟܿሻ.  sinh ቀߙଵܽ ඥ1 െ ݄ଶ ܿଶ⁄ ቁ . sinh ቀߙଶ ܾ ඥ1 െ ݄ଶ ܿଶ⁄ ቁቃ
ିଵ
 
                                                                                                                                                                                     (7)  
 where a, b and c are along x, y and z directions respectively; h within sine and cosine hyperbolic 
functions represents z co-ordinate such that x varies from –  ܽ ඥ1 െ  ݄ଶ ܿଶ⁄    to ൅ ܽ ඥ1 െ  ݄ଶ ܿଶ⁄  ; y 
varies from   –  ܾ ඥ1 െ  ݄ଶ ܿଶ⁄          to ൅ ܾ ඥ1 െ  ݄ଶ ܿଶ⁄     and z varies from –c to +c. The plasma 
evolution ellipsoidal volume, ܸ ൌ ׬ ܨሺ݄ሻ݄݀ = (4/3) ߨܾܽܿ where the area F (h) =   ߨܾܽሺ1 െ ݄ଶ/ܿଶ ሻ.   
Therefore, the temperature profile function becomes 
ܶሺݐ, ݎԦᇱሻ
ൌ ሺߟ ߙଵߙଶ 12⁄ ሻ ቂ ቀݐ௙ଶ ଷ⁄
െ  ݐ௜ଶ ଷ⁄ ቁ sinh  ሺߟܿሻ. sinh ቀߙଵܽ ඥ1 െ ݄ଶ ܿଶ⁄ ቁ . sinh ቀߙଶ ܾ ඥ1 െ ݄ଶ ܿଶ⁄ ቁቃ
ିଵ . ݐିଵ ଷ⁄  ݁ିఎ௭ ݁ିሺఈభ௫ାఈమ௬ሻ 
                                                                                                                                      (8) 
As momentum ݌Ԧ is the conjugate of position vector ݎԦᇱ, we take the Fourier transforms of  ܶሺݐ, ݎԦᇱሻ in eq. 
(3) with respect to ݎԦᇱ  which finally leads to ݌௅ and ݌் dependences of survival probability S. Therefore, 
we write 
                                   ܶሺ݌௅, ݌்ሻ ൌ ׬ ܶሺݐ, ݎԦԢሻ ݁௜ ௣Ԧ.௥Ԧᇱ  ݀ݐ ݀߬Ԣ                                                                                    (9) 
From eq. (9), we obtain 
|ܶሺ݌௅, ݌்ሻ| ൌ  ሺ3 2⁄ ሻ ଴ܶ ቀݐ௙ଶ ଷ⁄ െ  ݐ௜ଶ ଷ⁄ ቁ |ܫ௭| |ܫ௫| หܫ௬ห                                                                                         (10) 
where |ܫ௭|  ൌ   ඥሺI୸I୸כሻ ,   |ܫ௫|  ൌ   ඥሺI୶I୶כሻ  , หܫ௬ห  ൌ   ට൫I୷I୷כ൯   with ܫ௭ ൌ  ׬  ݁௜௣ಽ௭ ݁ିఎ௭  ݀ݖ, ܫ௫ ൌ
 ׬  ݁௜௣೅ೣ௫ ݁ିఈభ௫  ݀ݔ, and ܫ௬ ൌ  ׬  ݁௜௣೅೤௬ ݁ିఈమ௬  ݀ݕ.  
 
 
  
 
Therefore, we obtain 
หܶ൫݌௅,   ݌் ൯ห =  ሾ௦௜௡௛
మ ௖ ௖௢௦మ௣ಽ௖ା௖௢௦௛మ ௖ ௦௜௡మ௣ಽ௖ሿభ/మ
௦௜௡௛ ௖.ሺ మା௣ಽమሻభ/మ  . 
 ߙଵ  ሾ௦௜௡௛
మఈభ௔ሺଵି௭మ/௖మሻ
భ
మ  ௖௢௦మ௣೅ೣ௔ሺଵି௭మ/௖మሻ
భ
మ ା ௖௢௦௛మఈభ௔ሺଵି௭మ/௖మሻ
భ
మ௦௜௡మ௣೅ೣ௔ሺଵି௭మ/௖మሻ
భ
మሿభ/మ
ሺఈభమା௣೅ೣమ ሻభ/మ௦௜௡௛ఈభ௔ሺଵି௭మ/௖మሻ
భ
మ
 . 
 ߙଶ
ሾݏ݄݅݊ଶߙଶܾሺ1 െ ݖଶ/ܿଶሻ
ଵ
ଶܿ݋ݏଶ݌்௬ܾሺ1 െ ݖଶ/ܿଶሻ
ଵ
ଶ  ൅  ܿ݋ݏ݄ଶߙଶܾሺ1 െ ݖଶ/ܿଶሻ
ଵ
ଶݏ݅݊ଶ݌்௬ܾሺ1 െ ݖଶ/ܿଶሻ
ଵ
ଶሿଵ/ଶ
ሺߙଶଶ ൅ ݌்௬ଶ ሻଵ/ଶݏ݄݅݊ߙଶܾሺ1 െ ݖଶ/ܿଶሻ
ଵ
ଶ
 
                                                                                                                                                                                     (11) 
 
From eq. (11), we obtain the value of |T ( ்ܲ)| and |T ( ௅ܲ)|. When ݌௅ ՜ 0, we obtain an expression for 
|T( ்ܲ)| and the expression  for  |T( ௅ܲ)| is obtain by taking  ݌் ՜ 0.  The obtained expressions are  
|ܶ ሺ݌்ሻ| ൌ 
ߙଵ ሾ௦௜௡௛
మఈభ௔ሺଵି௭మ/௖మሻ
భ
మ௖௢௦మ௣೅ೣ௔ሺଵି௭మ/௖మሻ
భ
మା ௖௢௦௛మఈభ௔ሺଵି௭మ/௖మሻ
భ
మ௦௜௡మ௣೅ೣ௔ሺଵି௭మ/௖మሻ
భ
మሿభ/మ
௦௜௡௛ሺఈభ௔ሺଵି௭మ/௖మሻ
భ
మሻ .  ሺఈభమା௣೅ೣమ ሻభ/మ
.
 ߙଶ ሾ௦௜௡௛
మఈమ௕ሺଵି௭మ/௖మሻ
భ
మ௖௢௦మ௣೅೤௕ሺଵି௭మ/௖మሻ
భ
మ ା ௖௢௦௛మఈమ௕ሺଵି௭మ/௖మሻ
భ
మ௦௜௡మ௣೅೤௕ሺଵି௭మ/௖మሻ
భ
మሿభ/మ
௦௜௡௛ఈమ௕ሺଵି௭మ/௖మሻ
భ
మ. ሺఈమమା௣೅೤మ ሻ
భ
మ
 
(12) 
and 
|ܶ ሺ݌௅ሻ| ൌ 
 
ఎ
௦௜௡௛ఎ௖.ሺఎమା௣ಽሻభ/మ
మ ሾݏ݅݊ଶ݄ ܿ  ܿ݋ݏଶ݌௅ܿ ൅ ܿ݋ݏଶ݄ ܿ  ݏ݅݊ଶ݌௅ܿሿଵ/ଶ 
(13) 
The expression for survival probability S of the J/Ψ suppression in the relativistic heavy ion collisions is 
obtained by substituting the value of |T ( ்ܲ)| and |T ( ௅ܲ)| from eqs. (12) and (13) in eq. (1). It is to be 
noted here that eq. (5) ensures the dimensionless character of |T ( ்ܲ)| and |T ( ௅ܲ)| given in eqs. (12) 
and (13) and subsequently that of S in eq. (1). It is seen that the expression for suppression rate of 
momentum along longitudinal direction in the ellipsoidal evolution remains the same as that in 
cylindrical evolution, i.e. eq. (13) is the same as eq. (6) in [9]. But the expression for suppression rate of 
momentum along transverse direction in the ellipsoidal evolution given by eq. (12) does not remain the 
same as obtained by others [6 - 9]. That is transverse momentum evolution is different in ellipsoidal flow 
than in other types of evolution considered, namely the spherical or, the cylindrical evolutions. 
However, the expression for suppression rate of momentum along transverse direction in the cylindrical 
and spherical evolutions can be reproduced simply by substituting a = b and a = b = c respectively in eq. 
(12). That is, the previous calculations are special cases of the present work. In order to understand the 
data of the J/Ψ suppression completely we argue that it is necessary to understand together the 
suppression rate of momentum along the longitudinal direction and the transverse direction. The total 
energy can be obtained by using eq. (3). In fact, by substituting the value of ܶሺݐ, ݎԦሻ  from eq. (3) in the 
energy density equation ߝሺݐ, ݎሻ= (ߙௌߨଶ/15ሻ ܶସሺݐ, ݎ’), one can obtain the expression for suppression 
rate of energy density along the longitudinal and transverse directions. The total energy can also be 
obtained from the equation, E = ((4/3) ߨܾܽܿ. ߝሻ. 
4. Discussion and summary 
Within the framework of the Bjorken hydrodynamical model we have tried to understand the time and 
space evolution of QGP by considering ellipsoidal flow of the fluid and exponential fall of temperature in 
longitudinal and transverse directions. In the present work we have calculated the J/Ψ suppression in the 
relativistic heavy ion collisions not only of transverse momentum ்ܲ but also of longitudinal momentum 
௅ܲ. Presently available data [12] are not sufficient for longitudinal momentum for comparison with our 
predicted results. Therefore further experimental works for extracting the information on this aspect is 
desirable. In fact, the study of the survival probability with respect to ்ܲ and ௅ܲ dependences together will 
throw light for the complete understanding of the phenomenon of J/Ψ suppression. It is to note here that 
from the results thus obtained, one can also calculate the dependence of J/Ψ suppression with transverse 
and longitudinal energy density by using the relation between energy density and the corresponding 
temperature, and the results can be compared with the experimental data which we hope to address in the 
upcoming research works.  
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